Introduction {#S0001}
============

The incidence of cough response during emergency from general anesthesia is reported to be 67% to 80%[@CIT0001] and is related to the activation of the sympathetic nervous system that manifests with cardiovascular response. Acute hemodynamic changes may lead to life-threatening complications, such as hypertension, tachycardia, myocardial ischemia and cardiac arrhythmia.[@CIT0002] In addition, postoperative sore throat (POST) is the most common postoperative problem that leads to patient dissatisfaction. Tanaka et al reported that its incidence varies from 30% to 70% after tracheal intubation.[@CIT0003] Various methods and drugs have been applied to moderate cough response and POST,[@CIT0004]--[@CIT0006] however, these interventions may lead to other complications, such as respiratory depression or delays in postoperative awakening.

Cricothyroid membrane is in a neutral position of the head and anterior neck. The position is superficial with less vascular and easy to palpate.[@CIT0007] This membrane serves as a route for application of local anaesthetics before awake intubation and awake surgical cricothyrotomy.[@CIT0008],[@CIT0009] In clinical work, we have observed many advantages of this technique for patients in terms of their response to nasotracheal tube from general anesthesia. However, only a few articles have reported the merits of this technology.

The primary objective of our present study was to observe the effect of trans-cricothyroid membrane injection of local anesthesia on cough response during emergency from general anesthesia. The secondary objective was to assess the incidence and severity of POST after surgery.

Patients and Methods {#S0001-S2001}
--------------------

The present study was approved by the Ethics Committee of School and Hospital of Stomatology, Wuhan University (IRB-2018B15) and registered in the Chinese Clinical Trial Registry (ChiCTR-1800017576).This study was conducted at School and Hospital of Stomatology of Wuhan University in accordance with the declaration of Helsinki. All patients provided written informed consent. Patients classified as American Society of Anesthesiologist (ASA) physical status 1 and 2 and aged 20 to 60 years old who were scheduled to undergo oral and maxillofacial surgery. Exclusion criteria include smoking, pre-existing cough, hoarseness or sore throat, Mallampati grade\>Ⅱand major systemic illness.

The patients were randomly divided into group L with 60 patients and group C with 61 patients using a computer-generated sequence of numbers. An anesthesiologist (experience\>5 years) performed the cricothyroid membrane injection and nasotracheal intubation for all patients using Glidescope. Another anesthesiologist was involved in recording the observations.

All patients were premedicated with a muscle injection of 0.01 mg/kg atropine at 30 min before anesthesia. In the operating room, the radial artery was cannulated for real-time blood pressure monitoring. The electrocardiography, blood oxygen saturation (SaO~2~), end-tidal carbon dioxide (P~et~CO~2~) and cerebral state index were also continuously monitored during the operation.

The patients in group L received cricothyroid membrane injection of 2% lidocaine 3 mL before anesthesia, whereas those in group C received cricothyroid membrane injection of 0.9% normal saline 3 mL. Anesthesia induction was performed through intravenous injection of propofol (1.5--2 mg/kg) and sufentanil (0.4 μg/kg), followed by cis-rocuronium (0.2 mg/kg) to facilitate nasotracheal intubation. Polyvinylchloride ETTs with a 7 mm ID for male and 6.5 mm ID for female were used for intubation. All patients were successfully intubated at one time. The cuff pressure was maintained at 25 cmH~2~O. Anesthesia was maintained with 10 μg/kg/h remifentanil and 2--3% sevoflurane. Mechanical ventilation was to maintain the P~et~CO~2~ at 35 mmHg to 40 mmHg and SaO~2~ above 98%. At 30 min before the end of surgery, 0.1 μg/kg sufentanil was administered as an intravenous bolus to every patient, and residual neuromuscular block was antagonised with IV-administered 0.02 mg/kg neostigmine and 0.01 mg/kg atropine. All patients received the same patient-controlled intravenous analgesia for postoperative pain therapy.

Our primary outcome was the incidence and severity of cough response and the value of MAP and HR, which were recorded at baseline (T0), before intubation (T1), upon intubation (T2), upon extubation (T3) and 5min after extubation (T4). Secondary outcome was the incidence and severity of POST after surgery. The patients rated their incidence and severity of cough and sore throat using the scoring system as described previously: cough: 0=no cough, 1=minimal cough, 2=moderate cough and 3=severe cough; sore throat: 0=no sore throat, 1=minimal sore throat, 2=moderate sore throat and 3=severe sore throat.[@CIT0010]

We recorded the respiratory recovery, extubation and observation times in the post-anesthesia care unit (PACU). Adverse events, which include respiratory depression, hypoxemia, laryngeal oedema and nausea--vomiting, were recorded.

Statistical Analysis {#S0001-S2002}
--------------------

According to the incidence of cough at extubation between two groups from our preliminary experiment and by using Chinese High Intellectualized Statistical Software with a type-I error of 5% and a power of 80%, 57 patients were assigned to each group. Anticipating a 10% dropout rate, we recruited a sample size of 65 per group. All statistical analyses were performed using SPSS 18.0 (SPSS Inc., Chicago, IL, USA). Data are expressed as mean±standard deviation or number. Student's-*t* test was used in the comparisons of MAP, HR, age, body mass index (BMI), duration of surgery, respiratory recovery time, extubation time and observation time in PACU. The gender, ASA, incidence and severity of cough, POST and postoperative complications in two groups were compared using chi-square tests and Fisher's exact test. *P*\<0.05 indicated statistically significant difference.

Results {#S0002}
=======

General Information {#S0002-S2001}
-------------------

Among 130 patients who were assessed for eligibility, six patients refused to consents and three patients violated the protocol. Finally, we analysed a total of 121 patients, ie,60 patients in group L and 61 patients in group C ([Figure 1](#F0001){ref-type="fig"}). There were no significant differences between the two groups in terms of age, gender, BMI, ASA and surgery duration ([Table 1](#T0001){ref-type="table"}).Table 1Demograhic and Surgical Profiles of the PatientsGroup L (n=60)Group C (n=61)*P* valueAge (y)31.42±7.3030.00±6.660.267Gender (M/F)30/3030/310.857BMI22.54±2.5122.17±1.810.348ASA(I/II)51/953/80.799Duration of surgery (h)1.76±0.241.74±0.240.667[^1][^2] Figure 1Consolidated Standards of Reporting Trials (CONSORT) flow diagram of the patients included in the study.

The Incidence of Cough and Hemodynamic Response During Emergency {#S0002-S2002}
----------------------------------------------------------------

The proportion of patients with cough during emergency was 41.7% in group L vs 67.2% in group C at T3 (*P*=0.006) and 20.0% vs 41.0%, respectively, at T4 (*P*=0.018, [Figure 2](#F0002){ref-type="fig"}). Hemodynamic values at different time-points are shown in [Table 2](#T0002){ref-type="table"}. We found that MAP and HR were significantly lower in group L than in group C at T2 to T4 (*P*\<0.05).Table 2Comparison of Hemodynamic Responses at Different Time-PointsT0T1T2T3T4MAP Group L96.0±6.074.1±4.999.9±5.5\*103.1±7.8\*97.2±6.9\* Group C95.8±6.073.3±4.3104.8±5.5107.4±7.1105.2±8.1 *P* value0.8820.340\<0.00010.002\<0.0001HR Group L76.9±5.766.9±5.081.8±5.0\*84.2±6.8\*79.3±5.0\* Group C76.4±6.865.6±6.784.1±5.787.0±5.481.6±7.2 *P* value0.6260.2340.0200.0130.043[^3] Figure 2Comparion of incidence and severity of cough during emergency. Data are presented as %; Group L: the patients were received with trans-cricothyroid membrane injection of 2% lidocaine 3mL; Group C: the patients were received with trans-cricothyroid membrane injection of 0.9% saline 3mL;T3=upon extubation; T4=five minutes after extubation; 0= no cough during extubation; 1= minimal cough; 2= moderate cough; 3= severe cough. \**P*\<0.05 compared with group C.

The Incidence of POST After Surgery {#S0002-S2003}
-----------------------------------

The percentages of patients with POST were 35.0% and 55.7% in group L and group C at 1 h after surgery (*P*=0.029) and 20.0% and 37.7%, respectively, at 6 h after surgery (*P*=0.044, [Figure 3](#F0003){ref-type="fig"}).However, no significant differences were noted in the incidence of POST between the two groups at 12 and 24 h after surgery (*P*\>0.05).Figure 3Comparion of incidence and severity of POST at 1 h, 6h, 12h and 24h after surgery. Data are presented as %; Group L: the patients were received with trans-cricothyroid membrane injection of 2% lidocaine 3mL; Group C: the patients were received with trans-cricothyroid membrane injection of 0.9% saline 3mL; 1h=1h after surgery; 6h=6h after surgery; 12h=12h after surgery; 24h=24h after surgery; 0= no sore throat after surgery, 1= minimal sore throat ,2=moderate sore throat, and 3= severe sore throat. \**P*\<0.05 compared with group C.

Complications {#S0002-S2004}
-------------

The respiratory recovery, extubatd and observation times in PACU were similar between the two groups. Meanwhile, no significant difference was noted between the groups in terms of complications observed during the first 24 h postsurgery (*P*\>0.05, [Table 3](#T0003){ref-type="table"}).Table 3Recovery Parameters and Complications in Two GroupsGroup L (n=60)Group C (n=61)*P* valueRespiratory recovery time (min)14.22±1.7213.62±2.090.091Extubated time (min)17.58±3.0016.66±2.440.064PACU observation time (min)56.57±3.5955.72±3.100.168Respiratory depression (number)001.000Hypoxemia (number)001.000Laryngeal edema (number)320.680Nausea-vomiting (number)650.763[^4][^5]

Discussion {#S0003}
==========

Our study revealed that trans-cricothyroid membrane injection of local anesthesia can significantly attenuate the cough response and hemodynamic fluctuations to the nasotracheal tube during emergency from general anesthesia. In addition, this technique is a simple and effective method to reduce the incidence of POST after surgery.

Cough response from general anesthesia is a common and critical clinical problem. The incidence of cough was reportedly 67--80% during emergency, which is related to activation of the sympathetic nervous system that manifests with serious cardiovascular responses.[@CIT0001] Acute hemodynamic changes may lead to severe complications, such as hypertension, tachycardia, myocardial ischaemia and cardiac arrhythmia.[@CIT0002],[@CIT0011] Recently, many methods and drugs, such as deep extubation and intravenous administration of remifentanil, lidocaine or dexmedetomidine,[@CIT0004]--[@CIT0006] have been applied to attenuate cough response. However, these methods and drugs can cause respiratory depression, awakening delay and other side effects.

Cricothyroid membrane is in a neutral position of the head and anterior neck. The position is superficial with less vascular and easy to palpate.[@CIT0007] In the present research, the injection of cricothyroid membrane is a fast and simple method that was successfully completed in each patient. No complications, such as subcutaneous emphysema, oesophageal injury, respiratory depression or aspiration occurred. However, Kristensen et al reported that ultrasonographic identification of the cricothyroid membrane may be better for patients with obesity or difficult airway.[@CIT0012] The topical anesthetic used in this trail is lidocaine, which is a common local anesthetic with less side effects.[@CIT0003] Some reports indicated that lidocaine can reduce emergency cough, maintain hemodynamic stability and relieve POST through several routes that include intravenous injection, nasotracheal tube cuff or laryngotracheal instillation.[@CIT0013]--[@CIT0015] In our present study, lidocaine is directly injected through cricothyroid membrane, and the incidence of cough was significantly lower in group L than in group C during emergency (41.7% vs 67.2%, *P*=0.006 at T3 and 20.0% vs 41.0%, *P*=0.018 at T4) without respiratory depression and delayed awakening (*P*\<0.01) ([Figure 2](#F0002){ref-type="fig"}, [Table 3](#T0003){ref-type="table"}). In addition, the MAP and HR of patients were significantly stable during extubation (*P*\<0.05) ([Table 2](#T0002){ref-type="table"}). However, the mechanism is unclear, trans-cricothyroid membrane injection of lidocaine may block the receptors involved in the reflexes in airway mucosa or anaesthetise some part of the trachea.

In addition, the incidence of POST after surgery was reduced by local anaesthetic in our research. POST is the most common postoperative problem that causes patient dissatisfaction. Its incidence varies from 30% to 70% after tracheal intubation.[@CIT0003] Several independent risk factors for POST include larger ETT size, age, female sex, tracheal cuff pressure, prolonged duration of anesthesia and trauma during airway manipulation.[@CIT0016],[@CIT0017] Several interventions have been attempted to reduce the incidence of POST,[@CIT0016] however, none of these interventions were able to eliminate this complication completely. In the present research, the incidences of POST were 35.0% and 20.0% in group L compared with 55.7% and 37.7% in group C at 1 and 6 h after surgery (*P*=0.029 at 1 h after surgery and *P*=0.044 at 6 h after surgery, [Figure 3](#F0003){ref-type="fig"}), respectively. Trans-cricothyroid membrane injection of local anaesthetic can significantly reduce POST. Our results are consistent with a systemic review that suggested that lidocaine can be used for POST prevention.[@CIT0003] However, no significant differences at 12 and 24 h were noted (*P*\>0.05), the reason for which may be the short half-time of lidocaine. Panpan et al showed that ropivacaine, which was sprayed on the tracheal mucosa, epiglottis, tongue base and glottis, can reduce the visual acuity score of sore throat at 12 h after surgery because of its long action time.[@CIT0005]

Some limitations were encountered in our present study. First, lidocaine is a short-half-life local anaesthetic, which cannot inhibit the incidence of POST at 12 and 24 h after surgery. Thus, long-acting topical anaesthetics may be used better for future research. Second, application of airway ultrasonographic identification of the cricothyroid membrane would be better, although we all successfully completed cricothyroid membrane injection at first administration to each patient without complications.

In conclusion, trans-cricothyroid membrane injection of local anesthesia is a simple and effective method to attenuate cough response during emergency from general anesthesia. This technique can also reduce the incidence of POST after surgery.
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[^1]: **Note:** Data shown as mean ± standard deviation or number.

[^2]: **Abbreviations:** Group L, the patients were received with trans-cricothyroid membrane injection of 2% lidocaine 3mL; Group C, the patients were received with trans-cricothyroid membrane injection of 0.9% saline 3mL; BMI, body mass index; ASA, American Society of Anesthesiologists.

[^3]: **Note:** Data shown as mean ± standard deviation, \**P*\<0.05 compared with group C.

    **Abbreviations:** MAP, mean arterial pressure; HR, heart rate; T0, at baseline; T1, before intubation; T2, upon intubation; T3, upon extubation; T4, five minutes after extubation.

[^4]: **Note:** Data shown as mean ± standard deviation or number.

[^5]: **Abbreviations:** Group L, the patients were received with trans-cricothyroid membrane injection of 2% lidocaine 3mL; Group C, the patients were received with trans-cricothyroid membrane injection of 0.9% saline 3mL.
